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(54) Title: LAMINATE TYPE THIN-FILM SOLAR CELL AND PRODUCTION METHOD THEREFOR 
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(57) Abstract: A laminate type thin-film solar cell capable of efficiently converting sunlight, being laminated in multi-stages without 
limitation in selecting a semiconductor material, and being excellent in conversion efficiency, and a production method therefore. 
A first photoelectric conversion unit provided with a first semiconductor laminate (la) consisting of a semiconductor having a first 
band gap energy and a pair of first electrodes (13, 14) is provided on a substrate (4), and a second photoelectric conversion unit 
provided with a second semiconductor laminate (2a) consisting of a semiconductor having a second band gap energy and a pair of 
second electrodes (23, 24) is pasted thereon. A third photoelectric conversion unit provided with a third semiconductor laminate (3a) 
consisting of a semiconductor having a third band gap energy and a pair of third electrodes (33, 34) may be pasted thereon, and as 
may conversion units as desired can be pasted. 

(57)ms$: xWiit$:$]m&<$zm-?z>zttfxZs *»(**t»©a*?*iHii&**i* = t«:<^a:i=«Ji-r 

*-*y?X*JU*-£*-r*¥»ttfr&ft.&*1 (1a) -*f<D*1*« (13, 14) ZMffiLtz 

tMKJBSP (2a) n&TS-ltiO'mzWm (23, 2 4) **«Lfc*2ft***i_? htfttytttt&fVCI^-So 
£t>lc, *0±l=*3fl>/<>K**y^i*;u*-#*-r*#»i*t**6i!i:*»3*iWMIJi* (3a) fc«fctf-*f 
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IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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[oooi] *mmtz. ^fcmmfabftzftnmm^iyhtimmmmttmzxmmzti 

[ooo2] «©i:iSiiLtH:, tct^^j^^mm^x^pnm^^vx^m 
mm<Dmm?j}m-zM:±xh45%ttf:<o, mmiatt<Dm<Dti*&^m.irz>t28%n 

[0003] — ^f, ^^i5^^*<^PBlM^^:i-^fcfe, fc££OT5^$;ix5J;5^ InG 

^bT«jB-r§^^T f ^ir/v§yic^mmo#3t^%^.^Tv^ 0 -r^t^, P + -G 

aAs^^31_h^p-GaAsjg321, n + -GaAsJg322, n + -AlGaAsjg323/^tb&S 
T$Rir/V32^^ji$^ -?:(D_h^n ++ -GaAsjB331, p ++ -GaAsJB 332^^3 h 
>^/^&M33tfWM£frl. §^^C0±^p-InGaPJi341, n + -InGaPJl342 
, n + -AlInP343^^^^h5/^°ir/V34^)ilg^jg$^, W^B^W^ffcS 

U3KDmm^ ^^Aum^35, 36^mnhfi^t^x^m^nx\^(tct 
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#fF^mi:#^¥8-162649^#(|g5) 

[0004] ^>^^iy^^/^—(Dm^4-mmm^mmir^-t^x'o 

[0005] InGaP. GaAs. lnGaAs(D3^^yY^^M^i^WM^M^flX\ ^ 

#^ InGaPi:GaAsi:«IS-^^'^5rl:b^^^ t 9^i-V^CO(D, GaAs^InGaAsirCO^ 

[0006] ^m\t, ^<D£?f-muKm^xtetsthtch<D-x:\ *.myt&%j&£<&&irz>z.b 
[0007] $:mm<nm<7) n mt. as 

[0008] «0J^i^ajiS-#lI^:^«^{i. B««_hratffbtK 

2^m^mm^mm(D^<bh-m^ti^timm,mcmm^xmnbti^-M 
<Dm2mm%Mcm^m2ftmmm^iybb&m^x\ ^„ 
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[0009] mmmi^mm^^yhtm2^mm^^yht^h^xmui-fhti^tic 

[ooio] mmm2^mm^^yh(Dmm^ ms^^^y^^/^—^^-^m 
n^nm^m^mm^xmnhti^-MfDmsmm^Mm^ms^mmm^^yh 

M4ftmm&^^yh$mmtfbft%mmz~rz>z.kK£V)^ tsbK^^nmmx 
toon] MmBiytnm&^yh, m2ytmm$:^yh, m3ytm^^^yh^xxfm4 

ytmm^-yhn.fctX-mnGa As(0^x<l)^2l!Lft\ In (Ga Al ) P(0=S 

x 1-x z y 1-y 1-z 

1, 0<Z< 1) ^ift:*^©Mg, G\ Zn, Se, A1 N Ga, As, P&J^N^fbiM 

m^yzf<D±$\ ^mfcmfrbte%3tmm&^^yh&nn%^£fim&v<, mm 
[0012] ^mm^xzmm^mmm&mmn. ( a )f&Mmmm±i^ mmMmmmt(Dm 

mm^m^m^m^xm2^mi^mm^w^mtmmm^mnn^rM, 



WO 2005/096397 



4 



PCT/JP2005/006172 



^xmmmmm^yh^m^ir^mi^mi^mm^M^ir^rM. (a) mm 

j^-rsxa, (f) mmm^mfcmmM^mm K*mm&%&mnxfat>mmuM 
i^,^<thmmmi^mi^mm^(Dmmm2^mimm^t(Dmmmm(Dm 
[0013] ^m^x^mm^mmm^mmn^t^ ( a )mMm&m±^mmMm&u 

^mm^ti^x^mmmv^m^mmn^mmm^mHn, mmm^^-r 

xmi¥mfmmi$<D&&mm*mmmmtfz>rM, (c)&&mmm±\^ m 
m.Mmmut(Dm^^mumi^^ir\^t^mm^^xm2ytmm^^ 
^b^m^^m2^mi^mm^^uwmmco-m^2mm(D-^^ 

-mcmimm^m^nmu mmmm<Dm>^hmum2^mwmmm>(Dm2 
mm<D-^t^mm^n^x^mmm2^mw-mm^(Dmmm^mn. mmm 

m^xm2^mwmm^co^mHn^TM, mm^wm^mm 

hn±m2^mi^mm^(Dmmi'^mm(D-mm2mm<7)m^^i-^r.n, 

^-r^mm^r^thx^ 0 

[0014] tfrfB^^-tt^l-VM^^S^AlGa As (0.5^u^ 1) 3;fcteAl In As(0.5 

u 1-u v 1-v 
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[0015] is^^^m^m^^h^^^tt^-^i-omffi^^^^T 

[0016] ^W^Mife^itu^ ^m^cD3fem«5/hm#it^«j;«9»Si-^r£* 

b&X%% 0 

[0017] mitt&wte£z±mnm<D-mmtei&<Dm&&m^mm®>wm^&Zo 
[H2]|E|2A~2Cte, Bno*iii«m©»i3tx@s^Keg-r50-c«>5o 
[03]ni3D~3H«, mKD^mM'M^m^Jiu^Mmir^mxh^o 

[0018] 1 ^l^f^—yh 

la ^l^flsgwaj 
2 £23tem^s* 
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2a M2¥mfcmmn 

3 3S33fc«^~3* 
4 

13, 14 — M<DMlWM 
23, 24 — *f(D^2S^ 
33, 34 — ^(DWhZ-mM 

[ooi9] o#'^, ^0^(D^«M-#^^«m*5J;tK^^Mi^ov^-c, ®i~3^#M 

^^hlJi^,^2(D/^K^>5/^^/^-^#i-§^#:^^^^2^#:^ 
Jlf|32a(21, 22)*3j;W(D^2^2g#:^jBf|52a(DM®(D^/ c e<^— §R^iv€ 
^b^b-CI9:ite>H5— *f^^2«ffi23. 24^#L7tH23te«^m^-^h2^| t !i 

[0020] muz-^fizmx^ Wh2%m^-^yV2Ai\z.^ Jgso/^K^V;^^/^— £r 

^^mw-^hf^m^mwmm^si{3i^ 32) ^x3^<Dm3^mwmm^> 
3a(Dmm(7)^fj:<th—m^ti^timm^xmnhti^—M(7)m3mm33^ 34% 

[0021] Uri^m^&^-^Mte, miK^fh^mX^ In Ga As(0^x^l, fctx.l~£ 

x 1-x 

x = 0. 7) tf)p^Jg 1 1 bnftm 1 2 t ^fl^flO.5^3 ^ m @Jg <D J? £T\ ^IfcWS 
#1 X 10 15 ~1 X 10 17 cm" 3 @it ^^^^^/V^^ttTpn^Jg^B^^^fc 

^i^^jg$i5ia(ii, 12)/^ tctx.\tp + ^(D^]}=xiym^4±immnhtix 
v^o ^rbr, P7#an^^w^^^fb^^4(DMffii-— jjcDmmi3&M)& 
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mm4t<Dm&m ^mnbti, wm<owm\^ b i %m£tiz>mmz.Bf&&tix\, ^xh 
\c o.2~i ix mms.&mzizmmirzz.bicz.iom'tbtiZo mj?<Dwmi4i*. 
m^mi~^tKx^^mm<D^mmm^^h<D-^m<Dmm^t^xBmir 

Z>Z.b&X%% 0 

[0022] ^l^mfcmm^laGDlnGa As(7t£x.tfx=0.7) iNffrli, ^K=¥^^ 

x 1-x 

m\z.%&nj3&3&2iu mnmi3, i4frbmj£bL-xm*)Mirz.b&x%z> 0 

[0023] mfc4tm&&z>&mmz. w&<d£?i^ m&4<Dmmz—j?<z>wmi3&i&&, 
m(pMm)iu-mm^mm^mm(Dmm±\mmi,xmmi3^mir^m^ 

[0024] mu^^ti^mx^ ^(Dmi%nM^^yvihm<D%mM^-^yY2, 3b^ 
Kmwrtbtitcm^ mu4immnbtix\^K mm&^mfcmmx, mi 

[0025] m2%mm&^-~yy2u s mi\^istiz>mx\^ Ge^^mfonvf&mzibnfe 

m22bt>^tl^fh0.^3 ix mU&(DW-^X\ ^ffltoW&tfrlX 10 l5 ~l X 10 19 cm" 3 

mm^^^^^M^tixpnm^mmm^titc.m2^mi^mmu2 a ^Km 
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[0026] ^2^fl3»JBSP21, 22<DGaAs^#:«, ^^K^-Y^^/l^— ^l.89eV 

m««23, 24^mj±£bTi&9m-r-£:^-e££o &*5, 

S52a©iNSt^jg21, 22fc, m^-r§J;5^IJ^GaAsS«-h(3:^t 0 ^^>-Y/V^ 

x 1-x 

■et1rZ>Z.b&X%Z> 0 

[0027] H33fc«^^.— ^h3te, miK^ZtlZMX^ fc&tfilnGa As(0^x<l) 

x 1-x 

In (Ga Al ) P(0^y^ 1, 0<Z< 1) ^iM^©Mg, O, Zn, Se, Al 

z y 1-y 1-z 

, Ga, As, P&£XJnsifrbm&tlZKm<D4k&W¥mits Su Ge&£T?Cfrtxmt£ 
^^*(^^#:^7tWb^d^^§^^(Dp^S31^n^Jg32i:^^ : tb ; etbO. 
5—3 ix mM©H$t\ ^MWS^l X 10 13 ~1 X 10 17 cm" 3 mS(-rf^dr^ 
/^ft$^Tpn^Jg^^$tb/c^3^^Jg^3a^ % ^23fe«^m^^h 
2(D±AzM^b^Xm)ttrthtlX\^ 0 ^rLT, pt^S31(D— §|5^ffi^— 
^33^ n^S32(D— UMmzm^<DmM34&^n^frl]&f&£tlZ>^bK£V, n 
33fem^^-^h3^?f^$tLTV^ 0 i(D->?f(Dm*33, 34^, ^^^2%^ 

[0028] ^3^ft:^jg$|33a(31, 32)(DIn (Ga Al ) P (fcirx.«y= 1) 

0.49 y 1-y 0.51 

^0-b^y-f^^—^1.89eVm&X\ 200~660nm@Stf5$cft<^^M- 

tsfrizt, ^<Dm^x^xM^m^tifcm^tiEiiitm^<D^mm^^x^ 
m\^x, pnm^mm^mm^m^u -*j-»m^33, 3A^w^t\^xm> 

W,-rz.b&X^% 0 &3b\ r<D^f«jg§P3a(D^f*:jg31, 32h. mftt^X^Z. 
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[0029] ^OHl~^303fet^&^-— yM, 2, 3;^Jg£tU -^(D^^^yhO— *f(D^l 
^ffiEi^s'H, 2, 3-e^Lfc^m^^ii:^j^^^tb^i:^^«9. ^1 

^(Dm*^ii3m*^m^«ft^^^^,^3fem»^5/h-eB^b 

[0030] Jfe*5 N El^tirCV^V^ fci:x.^Ge^#:^^^ll43fe«»^-^ 

[0031] o^fcl, |l|2A~2C*5j;tF|l|3D-3H^#ML^^^ )> ^PJ^iSSJBMMI 

[0032] 02A~2Bi^$^«J:5^, tLbK.itGaAs^h^^m&U5±\^ ^ 

»^ftffl^5^(D^tt^b, ^^^TV vffrS^Jg, fcbx.it Al Ga As ( 

u 1-u 

0.5 ^u^l, f^X.^u=l)jg511^fc^AHn As (0.5^u^ 1) jg^bT^33fe 

v 1-v 

i~5o ^fflS«5(D^*^«n^-Ctp7#-e^*^^V\ AlAsJg51te. fc£;U;fO. 
01~0.5 ^m^S^U ^t<D±iC tctx.l-£pM$3£Tfnl&<DIn (Ga Al ) P( 

0.49 y 1-y 0.51 

7t^X.«V=DJB31, 32^)«0.5~3^m@S^Oj^S-r^o ~<DpMmtnMm 

[0033] ^(D^^f*jg^^$tL7^^5^7K^#H^:^^k^^AttT, 40 

0~500°C@S(D?ait-C\ l~20B#^@S«^^a^T5^^^J; t 9, H2C^£ 
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2 3 

flilOIn Ga PjB31, 32«^^Hb/^itl£-f\ f5re>J^#tefcV\, Z.<DMMfrh, Al 

0.49 0.51 

AsjB-e^<T 1 b, ^^Ga^-a-^7tAlGaAsjB^Pn1M^<, A1(P, Sb) (Al 
fcP*3,fctJ<Sb©4»fc<i:t>— Jfb(D4k&yo&mi!k1rZ>^ J^TIftlCh InAl(As, P, Sb) 
% InGaAKAs, P, Sb)£^f-et>J;V\ gfi, r<D_h^In Ga Pjg&^^fc^v- 

0.49 0.51 

[0034] |E|3D~3E^^$tL^J;5i-, fci:x.^Si^^^^lKS«6^3^ 

2 3 

<9tftf&ft?o Al O Jg52(D?£$j^ f'^X.^T^^T7Kt^*-f-?)-^^j; t 9, Al 

2 3 2 

3 

[0035] *<D^ GaAsfrhte%M2ftmmm^vhm<DM2¥mfommi®2a(21, 22) 

mm f-/&ft ffl St£5_h ^AlAsjg 5 1 ^LT^t^v^/HiicS U AlAsJS 5 1 SrSfc 
<b^^rfc^^^3^#:^S§|53a±^M«9#it^o H3F{^$tb^i5^, 

2 

3a^^2^^S§P2a^(^^S*^^i-5„ 

[0036] m2(D^mi^mmma(D^M^nmHnb^<mmi^MmmR5± 

^fcftUtlnGa As(x = 0.7)jgll, 12^^§^l^^m^--^Mffl(7)|ll 

x 1-x 
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la, 2a, 3a^iRmU6±^mm^tl^o AlAs(Al Ga As)S51f«ftffl(D 

u 1-u 

G S Lhsmm5bfa?m&irttfrffiMiM&&M&ir%^bmx^% 0 In Ga A 

x 1-x 

s (x = o. 7) m nfc^-fem&GaAsmmtmftz & , eftng&ij&a&ffl & v ^ r ^ 

^J:«9GaAsS«_h^^i-§r^^-e^§ o 

[0037] mi¥mfcmmm a <vmm&^*hm?j:b*-?m\<\ mi^mw-mmm 

J^U 03H^£tv5J;5^, M2$o£ZFM3?>¥-mfoMm^2a^ 3a<DmW>m(v>l& 
¥^#:«21, 31)^-^(D««23. 33^?f^i-5o ££>K5, S&l¥*£#SfJi8Bla 

*23, 33^, ^tL^pn^^|&b^(ttL«\ ^1"3|gl^#:«Jg§Bla;£ 
7t«^2^^#:^jg^2aCD^^#:jg^Mb-CV ^TfefflffrftV \ 

[0038] miK^tsti%£o\^ ^y^mw£t*frbftz>*mwi4\^ ni^mmM 
^lt, m3^mw-mm^3a(Dmmm<D-^mm'r^x^ mmi^*?&m-f 
&o.2~~i »mnm<vm£f$mu ni~n3<D¥mtmmma. 2a, 3a<Dmmm( 

nM^mW-mi2, 22, 32) {^1^3^^ (D^M^ 24, 34^^^ 

[0039] ®4A~4F«, ^<J:<5»J8S?f Jfi:it»oSft©to*if 

mt<DM&&$:mu mtzit^irwk&mm (t^^aiasS) si^lt^i 
3fem^m^-^h^*^i-^^i¥^f«iB^ia(i2, idst^^u wmmtv- 
m^Bmmco—^(Dmmi3^}^ir^m4A—4B0m)o -om*i3«, 
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2 

[0041] *rtf>$L H4E^£iv5J;5^ &&mMM<D^lz£mmir%Ml¥mfcmm 

ma(Dnnmi2(Dmm^mm^ mmun^Au^M^mm^Kx^mn-x, hi 

[0042] ^©f, m2^m^^-^hffl^m2^f*«SfP2a, Ji3^^^5>hffl 

±.(Dmmm^34 a ty^7K^mm~tz>z.bK£9. —^<Dmmm^i3 a t^(D 
m^-^yh(Dmmmt, 3m\z®&>tv?. m^x?^ 2mxhx\<^u 4msx±xh 

m^m^ mm<DMtmmxhz> 0 

[0043] tfrizE^^-e^, Jgl^m^^yM, fg23fem^s>h2ftif£rS'J* ^J&bT, l&S 

^-13^j^bT, l-DCOmm^lSatirZ-bhX^ Z-(DWs^, 
-^Mt-MbT«, fi)5zll(DB|4A~4D(DX@^^<, W,2%n,=^^vYi>^hm4 

[0044] ^mm<DmmKxti^^mmm^iyh^mmir^mi^mm^mHn 



WO 2005/096397 



13 



PCT/JP2005/006172 



xmm&nz>z.bfrx$& 0 
[0045] ^hK, *mw<DMmz£ti^ &tti?K£*)Mmm<D%:m^-vh&mmL,x\^ 

[oo46] ^(D^, mm<D&&m&<nft&&&irz>¥mftmmi®&w 
mxhmmT^b^x^^mKm^m^mmmmmxmmm^n^b^x^ 

o 

[0047] mw^frttnnfaxmnco ^wuev^y-^«stLt, 

2 
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[i] mmt. m.mm±.Kmnhfi. mi^<>b^y^^/^-^mir^mm^ 
t$.z>w, i ^mwmm w& xxmm i ^mwmm §rmb<^>/k th—i® ^ti^ti 

[2] mmmi^m,^m^^yhtm2^m^m^^yht^Th^xmunhti^tK 

mm-M(Dmimm^xx^m2mm^n^nmmmiytmmm^^btm2^t 
^mmmm^ti^xyKm^xmmminmtm2mmt(Dm^x^mnhtix 

n^fhmum^mm^xmnbri^—Mcom3mm^M,m^m3^'m^^yb 
mkvtttfhti. ttm%m3%mM^-yb(Di$m\^ ^-j^d/^k^v^:/ 

i,tcm4^m^^ybm&mnhtixfj:^mMmimm(Dmm±mmmo 
[5] mmmi^m^m^^b^m^ir^mm^xmm^mm^ti. mmyt 
mmm^yb±^mm2ytmmm:^yb^nm±(Dytmm^^yb7!)m 

^yb(D^mm(Dmm^n,m^t^tixfj:^m^^3mM(7)MmxW}n 1 ^o 
[6] mm^mm^fa^mm{cmmmmm^tifc^mi^mmhi.<^m'm^mu<D 
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[7] (a)j&RjB»Lh^ mf&MmmtittcDm&vk&ftu m^^-r^^mm 

(b) fommic mmm2¥mfommm><DMcmm&mtttf, mmm^^-r\ 
^m^mt^t^mm^m^^tKxmm^mmu^m^xm2^ 

^xmiytm^m^yb^mmir^mi^mi^mm^nmi-^m. 

(d) mmiRmm\mmnhnfcm2^mwmmn<DmmK, mn2^mi£mmi® 

(D-mmmir^x^Kmmm^i^mmu^h^x^mn.mmm^^: 

m2¥mfcmmi®(Dmmm^mm&Kmi-%JLn, 
^mmmi^mi^mm^mm^mm^mnnx^mmumm^m^ir^ 

(g) mmm2^mi^mmum^h^mm^mm^^tKxv, ^<thmmmi 
^mi^mm^mmm2^mimm^t<Dmmmm<Dmm^^mm^m-r^ 
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